In the Western highlands of Cameroon where sweetpotato (Ipomoea batatas L.) is an inevitable staple crop during the dry season, farmers cherish local which are presently under the risk of extinction due to accumulation of pest and diseases. Guaranteeing sustainable Sweetpotato production in this region therefore requires providing farmers with disease free planting materials such as tissue cultures. This study was conducted to investigate the feasibility of introducing disease free planting materials from meristem culture of EX-KOLB, EX-GUZANG2, EX-WIDIKUM3 and EX-NKAMBE1 which are four regional sweetpotato varieties common in the Western highlands of Cameroon. Test tubes containing growing media and meristems from each of the varieties were labeled and laid out in a completely randomized experimental design (CRD) with four replications and four treatments. Data on the number of sprouted meristems, number of rooted meristems, number of meristems contaminated, number of meristems that died, average heights of developed plants, average number of nodes on the developed plants, and average number of leaves on the developed plants was collected over a period of 8 weeks at 2 weeks interval. Meristems from all the landraces sprouted in the media used and the differences in the mean number of sprouted meristem between the landraces were significant (P<0.05). EX-GUZANG2 gave the highest mean of sprouted meristems of (2.75) and EX-WIDIKUM3 the lowest (0.75). According to ANOVA response of meristems from the four landraces to the media used differed significantly only in number sprouted, number of contaminated and number dead meristems as well as number of nodes(P<0.05). No significant differences were observed with number of contaminated and dead meristems, rooting as well plant height, number of leaves and nodes formed(P>0.05).This genotype-dependent response to media used for in vitro regeneration by plants has been observed by many studies. However meristems from EX-GUZANG2 and EX-KOLB showed greater positive respond to this media and merit further studies for the purpose of this experiment.
Introduction
Sweetpotato (Ipomoea batatas L.) is a member of the plant family Convolvulaceae in the genus Ipomoea It is considered the most important species of economic importance within the genus (Titus et al., 2010; Scott et al., 2000a/b) . Studies shows the sub-tropical regions of Central America as the center of domestication from where sweetpotato was spread to the rest of the world particularly by European travelers (Zhang et al., 2004) . Today sweet potato is cultivated in more than 100 countries most of them in the tropics and subtropics. Among important crops in the global context, sweetpotato ranks seventh from the viewpoint of total production after wheat, rice, maize, potato, barley and cassava (Kays, 2005) .
Nutritionally, sweetpotato is an important staple in many parts of the tropics and subtropics. Sweetpotato is presently one of the crops being biologically fortified with micronutrients to help improve proven deficiencies particularly in children and women across the developing countries found mainly in the tropics and subtropics. Research shows that besides sweetpotato"s food usage, it is an important feed as well as reliable renewable raw material for fuel grade ethanol, biogas, biodegradable plastics, a myriad of bioproducts and value added chemicals which are highly demanded by the rapidly emerging global bioeconomy. Hence to achieve both food and income security which is central to the sustainable development goals (Wambugu 2003; Clark et al., 2012) , commercializing sweetpotato cultivation is worth considering. In Cameroon the national programs concerned with food self-sufficiency has been helping in introducing and improving suitable sweetpotato cultivars to meet the demands of farmers. However, due to lack of extension services many introduced varieties remain unattended to and farmers cultivate them for so long that they often falsely considered them as indigenous crop and are often referred to as the "local" or "traditional" sweetpotato (Andrade et al., 2009 ). These local varieties are cherish by farmers (Gibson et al., 2009) due to their widely accepted taste, high adaptability to local conditions and in particular their well developed resistance to endemic pest and diseases. Vegetative technique by vine cutting is the only method used by these farmers to propagate their plants. Recent advancement in industrial agriculture and the eminent climate change impacts are negatively affecting plants particularly local varieties which are mainly managed by informally educated poor farmers. The plants are exposed to serious genetic erosion and possible extinction. With vegetative technique as the only means to propagate these landraces, they are mostly neglected to new pest and diseases especially accumulation of viruses which has been internationally observed to cause a phenomenon referred to as "cultivar decline" whereby the yield and/or quality of a sweetpotato cultivar gradually declines in a broadly accumulative manner over the years (Clark et al., 2002) . These and other adverse effects accruing from climate change and increasing global pollution are serious constraints to securing ample planting material which is vital for sustainable cultivation of sweetpotato for livelihood enhancement of smallholder farmers. The need to make available alternative of propagation techniques that conserve threatened local sweetpotato varieties and ensure ample healthy planting material is crucial for sustainable sweetpotato industry establishment (Zawedde et al., 2014) .
Internationally, in-situ (conservation on farm) and ex-situ (conservation under protection)techniques are at the disposal of farmers, but in-situ techniques preferred by smallholder farmers because they are easier to carryout have not solve the problem of accumulation of dreaded cryptic pathogens such as viruses. The risk of accidentally introducing such quarantine pests along with the host plant material remains high (ISPM 11, 2013) . To date, ex-situ techniques which include in-vitro methods remain the best option for conserving disease free but true to type local varieties. Based on knowledge that sweetpotato tips shows the least virus accumulations among vine cuttings, meristem-tip culture has been demonstrated and recommended as an effective in vitro technique for eliminating viruses for disease free sweetpotato germplasm exchange (Dugassa & Feyissa 2011; Alam et al., 2012) . The objective of this research was to investigate the response to meristem culture of EX-KOLB, EX-GUZANG2, EX-WIDIKUM3 and EX-NKAMBE1 which are four regional sweetpotato varieties common in the Western Highlands of Cameroon for possible introduction as planting material in the near future.
Materials and Methods

Description of Study Site
This study was carried out at the tissue culture laboratory of one of Cameroon government"s Institute of Agricultural Research for Development (IRAD), located at Bambui in the Western Highland Agro-ecological zone situated at altitudes ranging between 1,100m and 2,000m above sea level (ASL). This is the coolest part of Cameroon with a distinct rainy season lasting 8 months and a dry season lasting 4months. The region is characterized by unimodial rainfall distribution in the range 1500-2500mm per annum. The prevailing average temperatures is 19.3°C and the relative humidity rises above 80% during the rainy season but drops drastically during the dry season with significant constraints on food crop production. Sweetpotato by virtue of its renowned ability to produce reliable yield under marginal conditions is a well-established staple food resource during the dry season all over this region.
Selection of Sweetpotato Landraces
The root and tuber division of IRAD Bambui has a well conserved sweetpotato germplasm collection among which the varieties EX-NKAMBE1, EX-GUZANG2, EX-WIDIKUM3, and EX-KOLB were selected for this study on the basis of their renowned high yielding potentials under marginal conditions across the Western Highlands of Cameroon. Sample vines from these plants were harvested for meristem culture experiments in the laboratory. Equipments used in laboratory included forceps for holding the shoot explant to a fixed position, Dissecting blades and syringe needle tips for removing leaves and some leaf primordial that covered the meristem, distiller for preparing distilled water, Murashige and Skoog powder, Gibberellic acid, kinetin Myo-inositol and sugar for growth media preparation, 70 % alcohol, la croix and Tween 20 solutions for sterilization, refrigerator for storing prepared stock solutions, cotton, papers, hypodermal needles, scalpels, , pressure pot for sterilization purposes, pH meter for measuring media acidity and alkalinity, pipettes, beakers, test tubes, stir plate and magnetic stirrer, binocular microscope and microwave. Tools used for meristem culture such as, test tubes, forceps, cotton, papers, hypodermal needles, scalpels, were sterilized at 121°C and 103.4KPa for 20minutes.
Preparation of Stock Solutions, Primary Culture Media, Meristem Sterilization & Experimental Design
In all the experiments, a full strength Murashige and Skoog (MS) stock solution was used as growing media for primary shoot induction as well as for shoot multiplication. Nutrient Stocks solutions labeled as solution I, II, III and IV were prepared according to prescriptions of Murashige and Skoog (MS) (1962) where each nutrient was allowed to completely dissolve before the addition of the next. The final volume of each stock solution was adjusted by adding sterile distilled water after which all were stored in a refrigerator at temperature of 8 0 C. Separate solutions of Gibberellic acid at concentration of 0.1mgml
and kinetin at concentration of 1mgml -1 were also prepared and added as growth regulators. Table 1 . Nutrient stocks type, their composition and amounts used in preparing the stock solutions
Preparation of Primary Media for Shoot Initiation
Media for primary shoot initiation was prepared according to Alams protocol (2013) where the required amount of each Stock solution, Myo-inositol, stock solutions of growth regulators and 30g of sugar were measured and added successively to a 1000ml beaker whose contents were continuously stirred over a magnetic plate (Table 2) . Sterilized distilled water was added to the final solution to reach 1000 ml volume. Using a potentiometer, the pH of the final solution was adjusted to 5.8 using standard solutions. This made the final nutrient media for growing the meristems. Two milliliters of the final nutrient media was pipetted into ninety (90) sterilized test tubes which were covered with sterilized cotton and autoclaved at 121 o C and 103.4 KPa for 15mintes. The test tubes were then allowed to cool overnight. The ninety (90) test tubes containing the media were labeled and laid out in a completely randomized design (CRD) with four replications and four treatments. The four treatments were basically meristems from each of the four sweetpotato (Ipomoea batatas L.) varieties. By replicating the four treatments four times, a total of 16 experimental units were obtained. Each experimental unit consisted of 5 test tubes with their appropriate growing media and experimental meristem tissues.
Preparation & Sterilization of Meristems
From the experience that plant meristems are rich in phenol amines which inhibits viruses (Kassahun et al., 2014) , meristem culture has been recommended for use to eliminate viruses in sweetpotato (Panta et al., 2006) . Based on this, meristems for this experiment were taken from sweetpotato vines tips of 2-3 cm long healthy looking vine stems containing at least six buds that were judged visually and harvested from each of the four sweetpotato varieties. Leaves were then removed from the vine stems. The leafless vine stems were taken to the tissue culture laboratory where they were submerged in labelled beakers containing tap water to prevent them from dehydrating.
In the laboratory, the collected vines were cut into stem sections containing at least three buds and were rinsed with running tap water to remove all surface debris. Surface sterilization was done using the method of Binchang et al, (2012) , by which the rinsed vines were dipped for 10 minutes into appropriately labelled beakers containing a solution of 30% "la croix"(a solution of sodium hypochlorite used locally in Cameroon as a a disinfectant and 20 dropsl -1 of nonionic surfactants called Tween20 (a polyoxyethylene sorbitol ester). After 10 minutes, the solution was decanted and the vines were now immersed into a 70% ethanol solution for 30 seconds and finally transferred to a laminar flow chamber to ensure aseptic conditions. Inside the laminar flow chamber, the 70 % alcohol solution was replaced with a 2.5 % solution of "la croix" containing 20 drops of Tween and allowed 20 for 15 minutes. Then, the la croix solution was decanted and the vines rinsed four times with sterile distilled water to remove the distillate. The vines were kept immersed in the sterilized distilled water ready for excision of the meristems. Meristems from the different landraces were excised under an alcohol-swapped binocular stereo microscope (Magnification 40X), using sterile forceps, dissecting blades and syringe needle tips. Sterile forceps were used to hold the shoot to a fixed position while dissecting blades and syringe needle tips were used to remove leaves and some leaf primordial that covered the meristem.
Figure 5. Excising and transferring meristems into test tubes under a binocular stereo microscope
The meristems were excised such that each had part of the leaf premodium attached. The excised meristems were then placed on the culture media (prepared a day before) contained in test tubes and transferred into the growth chamber with a temperature of 25°C and a photoperiod of 16 hours/day and allow to grow for 4 weeks during which data for shoot initiation (number of meristem sprouting) was collected once every two weeks.
Preparation of Shoot Multiplication Media
After 4 weeks, sprouted meristems from each of the four sweet potato land races were transferred into a shoot multiplication media. This media was prepared following same procedures as with shoot initiation media except the addition of slightly higher kinetin concentration and the addition of hormones and sucrose. The pH of the media was also adjusted to 5.8 and agar was added to give it a semi solid consistency. The resulting media was heated in the microwave for 10 minutes to aid dissolution and then distributed into test tubes ready for further cultivation of sprouted meristems. Sprouted meristems were then placed on the media in the test tubes and subjected to conditions of 25°C and 16/8_h (light/dark photo period) for 4 weeks. During this period, data on the development (contamination of sprouts, dead meristems, formation of callus, formation of roots, average heights of plants developed and their corresponding average number of nodes and leaves formed) of meristem sprouts was collected once every two weeks. All data was collected by manual counting with the aid of the microscope and magnifying lenses.
Data Analysis and Results
Data collected was analyzed using Microsoft excel 2007, the Statistical Package for Social Science (SPSS) version 17.0 and the analysis of variance (ANOVA) was used to compare the treatments. Means significantly different were separated using the Least Significant Difference (LSD) at probability level 0.05.
Results on Shoot Initiation Studies Based on Number of Sprouted Meristem
On average, EX-GUZANG2 recorded the highest number (2.75) of sprouted meristems and EX-WIDIKUM3 the least (0.75) as can be inferred from Fig6 below. The mean number of sprouted meristems differed significantly between the four landraces as revealed by ANOVA (P<0.05).
Figure 6. Results on primary shoot initiation studies based on number of sprouted meristems KB= EX-KOLB; N1= EX-NKAMBE1; W13= EX-WIDIKUM3 G2= EX-GUZANG2
Results from Shoot Multiplication Studies
Shoot multiplication studies considered number of meristems that became contaminated, number of meristems that died, number of roots formed, number of callus formed, heights of plants developed and their corresponding number of nodes and leaves formed
Average Number Rooted Meristems Sprouts
Fig7 below shows that only meristem sprouts from EX-KOLB were observed to form roots with average of 0.75 number of roots formed. Meristems sprouts from EX-NKAMBE1, EX-WIDIKUM3 and EX-GUZANG2 surprisingly did not form roots in the media used. Vol. 8, No. 4; 2019 Meristem sprouts from all the sweet potato landraces became contaminated (Fig8) with significant differences between the four sweetpotato varieties. EX-WIDIKUM3 recorded the highest (4.69) and EX-GUZANG2 the least (2.13) average number of contaminated meristems. Meristems from all the four land races formed callus with EX-GUZANG2 forming the highest average number (1.13) of callus and EX-WIDIKUM3 the least (0.13) (fig 13) . Significant differences in the average number of meristems forming callus between the landraces were recorded . Figure 13 . Number of meristem forming callus KB= EX-KOLB; N1= EX-NKAMBE1; W13= EX-WIDIKUM3; G2= EX-GUZANG2
Discussions
Several studies on sweetpotato plant regeneration by invitro organogenesis (i.e. using explants derived from various organs, such as stems, petioles, leaves and roots) have described sweetpotato plant as recalcitrant (not very responsive) to this effect. The frequency of regenerating new plants has generally been observed to be very low and the response to in vitro regeneration has equally been observed to vary from genotype to genotype (Gonzá lez et al., 2008; Dessai et al., 1995; Ogero, 2009) . Since all meristems from the four different varieties used in this study were fed the same nutrient solution, the observed significant differences in the average number of sprouted meristems can best be attributed to genotype effects. This genotype-dependent response to in vitro regeneration methods is a call for research into developing novel or modified invitro regeneration procedures for each desirable genotype (Monica et al., 2009 ). Ramdan et al., 2014; Kahn et al., 2015; Nakasha et al., 2016) reported that callus cultures in invitro culture do not usually develop shoots in the absence of growth promoting hormones. This study appears to question this report given the observation that Ex-GUZANG produces the highest number of calluses but failed to form roots despite the addition of growth promoting hormones in the media used.
Meristem contamination has constantly been reported as a major constraint to the development of plant regeneration invitro techniques (Enjalric et al., 1988; Birmeta, 2004) . In This study, EX-WIDIKIM that produced the highest number of contaminated meristems, had the worst performance of all the parameters measured except for the fact that it recorded no dead meristems among the four varieties. The high rate of contamination may well have been the cause of this poor performance.
A good plant height is required by plantlets to enable easy splicing into nodal cuttings. Higher number of nodes is beneficial for multiplication of the plant during nodal culture. Nodes are points of leaf formation with number of nodes proportionately determining number of leaves. Prolific leaf formation is a welcome factor during meristem culture. Leaves contain chlorophyll which is essential in converting light energy to chemical energy hence a good leaf system is crucial for successful acclimatization of plantlets. Plantlets with well-structured leaves are photosynthetically efficient, a factor which enhances their speed of adaptation to the natural conditions during acclimatization. A good root system is essential for successful acclimatization of the plantlets and subsequent growth in the field since roots facilitate the absorption of nutrients from the soil (Xiansong, 2010) . The degrees of formation of these organs are known to vary from genotype to genotype. With the exception of EX-WIDIKUM3 that failed to form leaves, meristems of all the rest of the landraces formed all the organs required of a healthy plant. Comparing all the four sweet potato land races, EX-KOLB"s ability to significantly produce higher number of nodes indicates good regeneration efficiency and hence a promising candidate for the purpose intended.
Alam et al. (2010) observed shoot initiation between the 6 th and the 10 th day and concluded that if after two weeks of culture, sweet potato meristems fail to sprout in liquid media, they will never do. In agreement with this conclusion, cultured meristems from all the four land races used in this research sprouted from the 6 th to the 14 th day after which no further sprouting could be observed.
The observation that meristems from all the sweetpotato varieties sprouted in the media used, indicates that the protocol used in the experiments is suitable for the four regional sweet potato varieties. From the result obtained, EX-KOLB had the highest respond in the MS media as indicated by its ability to produce highest number of meristem sprouts, form roots, produce tallest plants with highest number of nodes and hence leaves. EX-WIDIKUM recorded poorest performance and need to be further investigated. Based on the above findings, the following recommendations can be made to researchers in Cameroon western highland:
Priority should be given to EX-KOLB, followed by EX-GUZANG2 and EX-NKAMBEEX-WIDIKUM3 need to be further investigated. May be a new protocol should used.. Sweetpotato plant from which ex-plants for meristem culture are to be collected, should be grown in pots in the screen house to reduce high infestation and further contamination. "La croix" and Tween20 as components of the sterilizing solution should be further checked on their effectiveness.
